a b s t r a c t DJ-1 is a multifunctional protein linked to recessively inherited Parkinson's disease (PD) due to loss of function mutations. Among its activities is anti-oxidant property leading to cytoprotection under oxidative stress conditions. A key effector of oxidant-induced cell death is the MAP3 kinase apoptosis signal-regulating kinase 1 (ASK1) which is bound to and inhibited by thioredoxin 1 (Trx1) under basal conditions. Upon oxidative stimuli, however, ASK1 dissociates from this physiological inhibitor and is activated. In the present study, we investigated the role of DJ-1 in regulating Trx1/ASK1 interaction. Over-expression of DJ-1 suppressed ASK1 activation in response to H 2 O 2 in a time-dependent manner. Wild-type DJ-1, but not the PD-associated L166P mutant, prevented the dissociation of ASK1 from Trx1 in response to H 2 O 2 . Among cysteine mutants of DJ-1, C46S, C53S, and C106S, only C106S failed to inhibit this dissociation implying that cysteine 106 is essential for Trx1/ASK1 regulation. Furthermore, compared to wild-type mice, DJ-1 null mouse brain homogenates and embryonic fibroblasts were more susceptible to oxidant-induced dissociation of ASK1 from Trx1, activation of the downstream kinase c-Jun N-terminal kinase, and to cell death. These findings point to yet another mechanism through which DJ-1 has anti-oxidant and cytoprotective properties by regulating the Trx1/ASK1 complex and controlling the availability of ASK1 to effect apoptosis.
Introduction
Homozygous deletions and point mutations in the DJ-1 (PARK7) gene are associated with autosomal recessive early-onset Parkinson's disease (PD) (Bonifati et al., 2003) . DJ-1 belongs to the Thi/Pfp1 superfamily and is highly conserved from human to Escherichia coli (E. coli) (Bonifati et al., 2003; Lee et al., 2003) . It is ubiquitously expressed in mammalian tissues, forms a homodimer and functions through various mechanisms including as an anti-oxidant, transcriptional co-activator, a protease or molecular chaperone (Olzmann et al., 2004; Shendelman et al., 2004; Taira et al., 2004; Xu et al., 2005) .
Accumulating evidence suggests that DJ-1 responds to oxidative insults by shifting to a more acidic species (Mitsumoto and Nakagawa, 2001; Mitsumoto et al., 2001) . This acidic shift is even detected in the brains of patients with sporadic PD (Bandopadhyay et al., 2004) . DJ-1 has properties of an atypical peroxiredoxinlike peroxidase (Andres-Mateos et al., 2007) . It also protects cells through up-regulation of glutathione (GSH) synthesis as well as stabilization of the anti-oxidant transcriptional regulator NF-E2-related factor 2 (Nrf2) (Clements et al., 2006; Zhou and Freed, 2005) . DJ-1 deficiency leads to increased vulnerability to oxidative stress-induced cell death in culture and in animal models (Kim et al., 2005; Martinat et al., 2004; Meulener et al., 2005) , whereas over-expression of wild-type (WT) DJ-1 is protective against various insults (Canet-Aviles et al., 2004; Inden et al., 2006; Junn et al., 2005; Taira et al., 2004) . The PD causing L166P mutation impairs dimer formation, decreases protein stability, and disrupts its cytoprotective function (Macedo et al., 2003; Miller et al., 2003; Moore et al., 2003; Olzmann et al., 2004) .
Apoptosis signal-regulating kinase 1 (ASK1) is a mitogenactivated protein (MAP) kinase kinase kinase (MAPKKK) family member that activates c-Jun N-terminal kinase (JNK) and p38 MAP kinase pathway. It is activated by various stresses including oxidative stress and tumor necrosis factor alpha (TNF␣) (Ichijo et al., 1997; Nishitoh et al., 1998) . Over-expression of wild-type or a constitutively active ASK1 isoform induces apoptosis in various cell types (Chang et al., 1998; Ichijo et al., 1997) . ASK1 plays a critical role in 6-hydroxydopamine (6-OHDA)-and 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-induced apoptosis in cellular and animal models of PD (Karunakaran et al., 2007; Ouyang and Shen, 2006; Saeed et al., 2009) . One of the molecular events that activate ASK1 is its interaction with the death protein Daxx
